Purpose Few studies have assessed patient-reported outcomes following colorectal surgery. The absence of this information makes it difficult to inform patients about the nearterm effects of surgery, beyond outcomes assessed by traditional clinical measures. This study was designed to provide information about the effects of colorectal surgery on physical, mental, and social well-being outcomes. Methods The NIH Patient-Reported Outcomes Measurement Information System (PROMIS®) Assessment Center was used to collect patient responses prior to surgery and at their routine postoperative visit. Four domains were selected based on patient consultation and clinical experience: depression, pain interference, ability to participate in social roles and activities, and interest in sexual activity. Multilevel random coefficient models were used to assess the change in scores during the follow-up period and to assess the statistical significance of differences in trends over time associated with key clinical measures. Results In total, 142 patients were consented, with 107 patients completing pre-and postoperative assessments (75%). Preoperative assessments were typically completed 1 month prior to surgery (mean 29.5 days before, SD = 19.7) and postoperative assessments 1 month after surgery (mean 30.7 days after, SD = 9.2), with a mean of 60.3 days between assessment dates. Patients demonstrated no statistically significant changes in scores for pain interference (−0.18 points, p = 0.80) or the ability to participate in social roles and activities (0.44 points, p = 0.55), but had significant decreases in depression scores between pre-and postoperative assessments (−1.6 points, p = 0.03) and near significant increases in scores for interest in sex (1.5 points, p = 0.06). Pain interference scores for Support Care Cancer (2017) 25:3103-3112 DOI 10.1007 patients with neoadjuvant chemotherapy significantly increased (3.5 points, p = 0.03). Scores for the interest in sex domain decreased (worsened) for patients with oncologic etiology (−3.7 points, p = 0.03). No other differences in score trends by patient characteristics were large enough to be statistically significant at the p < 0.05 threshold. Conclusion These data suggest that the majority of patients quickly return to baseline physical, mental, and social function following colorectal surgery. This information can be used preoperatively to counsel patients about the typical impact of colorectal surgery on quality of life.
Introduction
Mortality, morbidity, and length of stay are key clinical outcomes for patients following colorectal surgery. Outcomes that reflect the patients' subjective perspective, including depression, pain interference, and an individual's ability to function socially, are also of great significance, though these outcomes are less frequently investigated [1] .
These other physical, mental, and social function domains of health are examples of patient-reported outcomes (PROs), which taken together comprise the overall quality of life obtained following treatment [2] . The collection and evaluation of PROs are of growing interest for the assessment of the overall quality of life obtained by patients following treatment and also for guiding patient decision-making and symptom management [3] . Implementation of methods for assessing PROs in surgical care has advanced most quickly for total joint replacement patients [4, 5] . The Centers for Medicare and Medicaid (CMS) recently announced plans to collect preoperative and postoperative PROs for patients with lower extremity joint replacement procedures, as a component of payment reforms for Medicare beneficiaries [6] . New initiatives that will require the collection of PROs for patients with other commonly performed surgical procedures are anticipated, primarily through the modification of existing surgery patient registries [7] .
A more complete understanding of patient outcomes experienced following colorectal surgery requires the assessment of PROs. There are several different types of measurement tools for evaluating patient-centered outcomes. A systematic review of the PROs that have been used in colorectal cancer surgical studies indicates that there is significant heterogeneity in methods for measuring psychological, symptomatic, and functional domains [8] .
Standardized tools for the measurement of physical, mental, and social function domains are available from the PatientReported Outcomes Measurement Information System (PROMIS) [9, 10] . The development of the PROMIS assessments was funded through the National Institutes of Health (NIH) Common Fund Initiative, with the purpose of providing standardized resources for use in clinical research and practice. PROMIS provides validated tools for the measurement of physical, mental, and social function domains that can be customized to capture selected domains of primary concern for specific types of patients.
Few studies have assessed these types of measures in colorectal surgery patients, and the absence of this information makes it difficult to inform patients about the near-term effects of surgery, beyond outcomes assessed by traditional clinical measures. This study was designed to provide information about the effects of colorectal surgery on physical, mental, and social well-being outcomes. We hypothesized that the PROMIS system could be utilized successfully to capture PROs in this patient population.
Methods

Study population
A 22-month (July 10, 2013 to April 30, 2015) prospective observational study was undertaken at the University of Virginia under informed consent in keeping with local Institutional Review Board standards (IRB #16097). Adult patients (18 years of age and older) undergoing elective colorectal procedures within an enhanced recovery after surgery protocol by one of two colorectal surgeons were consented and prospectively followed by a clinical research coordinator (CRC) [11] . Patients with emergent procedures, patients less than 18 years of age, prisoners, pregnant women, and patients unable to provide consent were excluded.
PRO assessment
The PROMIS Assessment Center software was used to collect and score PROs for patients before and after surgery [12] . The assessment center software is internet-based, with the collection and secure storage of PROMIS measures and other content implemented on a study-specific website. A customized assessment instrument was developed to capture patient reported information addressing four domains: depression, pain interference, interest in sex, and ability to participate in social roles and activities. These four domains were selected for use in the study based on discussions with patients and physicians, who provided examples of psychological, symptom, and functional domains of primary concern. The assessment was limited to the collection of information for these four domains in order to minimize the total time required to complete the assessment during the patient's clinic visit to 10 min or less.
Each domain was assessed using Computer-Adaptive Testing (CAT) algorithms that present a series of health domain questions tailored to each patient, with subsequent questions selected based on a respondent's answers to prior questions [13] . The CAT-based assessments yield more precise measurement than assessments with a fixed series of questions, while requiring fewer question items than fixed length question series, and also provide improved precision at the extremes of the domain continuum [14] .
The selected PROMIS domains were scored using question items with five ordinal response options (1 to 5) for each question in the domain [15] . Total scores were calculated for each domain, for each patient assessment. PROMIS domain scores are standardized to a mean of 50 and standard deviation of 10, reflecting the distribution of scores reported for a large sample representative of the 2000 US General Census [16] . For example, a score of 40 represents a score that is one standard deviation below the reference population mean score.
Patients were identified in the outpatient clinic and approached for informed consent after the decision was made to proceed with surgery. Consenting patients accessed the assessment during clinic visits using tablet computers with wireless access to the PROMIS website [17] . Patients completed an assessment preoperatively as part of their routine preoperative workup appointment. The postoperative assessment was obtained as part of the routine postoperative follow-up appointment, which is typically scheduled for three or more weeks after discharge from the hospital following surgery.
Clinical research coordinators provided brief instruction on the use of the tablet computer to all patients and provided direct assistance with the assessment process to patients upon request. The availability of direct assistance was implemented as part of the protocol. Prior research demonstrated that while most patients would be able to complete the assessment without assistance, some patients would require direct assistance with the use of the tablet computer, with the assessment software, or with the assessment questions [17] .
Statistical analysis
Longitudinal analysis of changes in PROs during the perioperative period was conducted using the multilevel random coefficient regression model (Fig. 1 ) [18] [19] [20] . Since measurement of the four domains is conducted both before and after surgery for each subject, the data are hierarchically structured with responses correlated among patients. Patient assessment dates also varied with regard to the lengths of time before and after surgery. The multilevel random coefficient model approach accommodates both the within subject correlation and the variation in time of assessment. Patient PRO scores are estimated as a function of time using separate intercepts and separate slopes for each patient, and the model can also include adjustments for differences in functions attributable to patient level covariates. The multilevel random coefficient model yields fixed effect estimates of the overall mean PRO score at selected time points, the difference in mean PRO score at selected time points by patient level characteristic, the change in score over time from preoperative to postoperative assessment, and the difference in the change over time by patient level characteristic.
The estimated mean scores and differences in mean scores associated with patient-level characteristics (fixed effects) were estimated with reference to the date of surgery, which is a shared longitudinal reference point for all patients. Multilevel random coefficient models were estimated to assess the overall change during the perioperative period for each of the four PRO domains. Separate multilevel random coefficient models were estimated to assess the significance of differences in these changes over time associated with patient demographics, preoperative characteristics, and postoperative outcomes. The statistical significance of the estimated fixed effects was assessed by the F test statistic for type 3 tests, using the a priori selected threshold value of p < 0.05. Figure 1 presents an example formulation of the multilevel random coefficient model.
The statistical models measure the change from pre-to post-assessment as constant over time, beginning at the time of the preoperative assessment. This aspect of the models has the potential to diminish the impact of surgery on the magnitude of the observed change in symptoms assessed at followup. We assessed the sensitivity of the model results to this assumption by recalculating results for each model, assuming that the preoperative assessment occurred on the date of surgery. The original analysis results were compared to the simulated results to determine whether any of the original model results were meaningfully different, assuming that the changes occurred between the date of surgery and the date of the postoperative assessment.
Sample size requirements for the study were estimated for a repeated measures ANOVA analysis of hypothesized levels of change in PROMIS scores during the perioperative period associated with a between-subject factor [21] . The HotellingLawley F test was used to estimate sample sizes required to assess a hypothesized factor effect of a 10 unit difference in post-surgery scores from a median score of 50 prior to surgery, at alpha = 0.05 and power = 0.80, with correlation of residuals = 0.5, for standard deviations of post-surgery scores of 10 or 15 units. Sample size calculations demonstrated that from 34 to 74, patients were needed to achieve power = 0.80 for a post-surgery score difference of 10 units associated with a given factor, at standard deviations from 10 units to 15 units, respectively.
Results
In total, 142 patients were consented during the study period. Of these, 9 patients failed to complete the preoperative assessment, and 26 patients failed to complete the postoperative assessment. The primary reasons for failure to complete assessments were missed postoperative visits due to readmissions or other complications, cancelled surgeries, and technical difficulties with the availability of wireless access to the online assessment. There was one immediate postoperative death: An elderly patient with bilateral stomas committed suicide on postoperative day 5 within 24 h of discharge. Both preoperative and postoperative assessments were available for 107 patients, or 75% of the total number of colorectal surgery patients originally consented. All patients with both preoperative and postoperative assessments were included in the final study population. Figure 2 illustrates the flow of consented patients who completed or did not complete the pre-procedure and post-procedure assessments.
Differences in the distribution of demographic, preoperative, and postoperative characteristics between the subgroup of patients who did not complete the procedure assessment and the final study population were assessed for statistical significance using Fischer's exact test, with significance defined at the p < 0.05 threshold. Patients who completed only the pre-procedure assessment were significantly different with regard to race (p = 0.0067), but were not significantly different with regard to the proportion male (p = 0.6662) or payor status (p = 0.1179). Surgery was cancelled following completion of the preoperative assessment for seven of the 26 patients without a post-procedure assessment.
Among the 19 patients with surgery and no post-procedure assessment, there were no statistically significant differences from the final study population in frequency of preoperative stoma, oncologic etiology, inflammatory bowel disease, diverticulitis, or receipt of neoadjuvant chemotherapy or radiation. There also were no significant differences in the frequency of surgical site infection, return to operating room, or postoperative stoma. Patients with surgery and no post-procedure assessment however had significantly lower frequencies of laparoscopic surgery (26 vs. 53%, p = 0.0449), were more likely to be readmitted following hospital discharge (38 vs. 5%, p < 0.0001), and were more likely to incur any morbidity within 30 days of surgery (37 vs. 11%, p = 0.0096).
Complete results for the comparison of patients with and without post-procedure assessments are provided in a supplemental table available online. Table 1 lists the demographic, preoperative clinical characteristics, and postoperative outcomes measured for the final study population of 107 patients with both pre-and postprocedure assessments. The majority of patients reported their race as BWhite^(85%), and females accounted for slightly more than one half (55%) of the study population. Preoperative stomas were reported in 15%, inflammatory bowel disease in 19%, and diverticulitis in 21%. Oncologic cases represented 43%, with neoadjuvant chemotherapy Fig. 1 Example level 1 and level 2 components of the combined equation represented in the multilevel random coefficient model Fig. 2 Illustrates the flow of preand post-procedure assessments collected for consented patients and details the number of patients who completed assessments and who did not complete assessments at each stage reported for 25%, and neoadjuvant radiation for 23%. Postoperative stomas were reported for 38%. Postoperative complications included superficial or deep surgical site infections for 5%, return to operating room for 3%, readmission for 5%, and the occurrence of any morbidity within 30 days for 11%. Table 2 lists the distributional characteristics of the PRO domain scores, the assessment completion times, the number of domain items completed, and the number of days elapsed between assessments. The mean time required to complete the assessment was 4.7 min. Patients on average completed the preoperative assessment 1 month prior to surgery (mean 29.5 days before, SD = 19.7) and completed the postoperative assessment 1 month after surgery (mean 30.7 days after, SD = 9.2). The mean duration between the preoperative and postoperative assessment dates was 60.3 days.
Overall, the study population means for each PRO domain score were near the US general population calibrated reference means of 50, with preoperative mean scores for depression (49.9), interest in sex (47.4), pain interference (56.0), and ability to participate in social roles and activities (47.8) and with postoperative mean scores for depression (48.2), interest in sex (49.8), pain interference (56.0), and ability to participate in social roles and activities (49.4). However, the means of the preoperative pain interference scores and postoperative pain interference scores were both six points higher than the reference US general population standard.
Prior research comparing PROMIS domain scores to clinically relevant symptom severity levels demonstrates that increments of one standard deviation can be used to define reliable threshold values for grouping patients by symptom severity, such as 50-59 (mild), 60-69 (moderate), and ≥70 (severe) for pain and 55-64 (mild), 65-74 (moderate), and ≥75 (severe) for depression [22] . Comparison of patients grouped at these threshold values demonstrates a large improvement in the distribution of depression scores following surgery, with 12.8% of patients reporting moderate-to-severe depression at the preoperative assessment, and 4.0% reporting moderate-to-severe depression at the postoperative assessment. None of the other three domains demonstrated this large shift in score distributions. For example, the overall distribution of pain interference scores changed only slightly following surgery, with 36.5% of patients reporting moderate-tosevere pain interference at the preoperative assessment, and 33.6% reporting moderate-to-severe depression at the postoperative assessment. The proportion of patient PRO scores for each domain grouped within the ranges of 5 unit increments is provided in a supplemental table. Median, mean, and standard deviation values for each of the four PRO domains, for both the preoperative and postoperative periods, are provided for each of the demographic characteristics, preoperative clinical characteristics, and postoperative outcomes in a supplemental table available online.
The trend of change in scores during the perioperative period was assessed using the fixed effect estimates obtained by the multilevel random coefficient models. Models were estimated to assess the change in scores for each of the four PRO domains, both overall and for each demographic, preoperative clinical characteristic, and postoperative outcome. Table 3 provides a summary of the model estimated postoperative change in the mean scores, overall and for each group characteristic, along with the estimated statistical significance of the estimated change in scores. Complete results for each of the multilevel random coefficient models are provided in a supplemental table.
Overall scores for the depression domain significantly decreased (improved) over the perioperative period, with a mean estimated decline of −1.6 points per month (p = 0.03). Scores for the interest in sex domain increased, with a mean estimated increase of 1.5 points per month (p = 0.06); however, the increase was not below the threshold standard for statistical significance. No statistically significant changes were demonstrated over the perioperative period in either the pain interference domain scores (−0.18 points, p = 0.80) or the ability to participate in social roles and activities domain scores (0.44 points, p = 0.55). Figure 3 presents plots of the model estimated functions obtained for the overall change in scores during the perioperative period, for each of the four PRO domains. Few patient characteristics were associated with statistically significant differences in the overall pattern of change in PRO domain scores following surgery. Cancer-related patient characteristics were associated with significant changes in pre- and post-procedure PRO scores. Pain interference scores for patients with neoadjuvant chemotherapy significantly increased (worsened) over the perioperative period (+3.5 points, p = 0.03). Increased scores for pain interference reported for patients with neoadjuvant radiation were near statistical significance (+3.2 points, p = 0.05). Scores for the interest in sex domain decreased (worsened) for patients with oncologic etiology (−3.7 points, p = 0.03), compared to other patients. Postoperative ileostomy was the only other patient characteristic associated with differences in scores large enough to be statistically significant at the p < 0.05 threshold. Decreased depression scores were reported by patients with postoperative ileostomy, in comparison to patients without postoperative stomas, were nearly statistically significant (−3.1, p = 0.06). Figure 4 presents plots of the estimated change in score per month during the perioperative period, for each of the four examples of group differences that were statistically significant or nearly significant at the p < 0.05 threshold.
The observed results were not sensitive to the model assumption that change from pre-to post-assessment was constant over time. Each domain and group characteristic combination associated with a statistically significant change (p < 0.05) was demonstrated to also have a statistically significant change in the sensitivity analysis, where the preoperative assessment was assumed to have occurred on the day of surgery. Only one domain and group characteristic combination that was demonstrated to not be statistically significant in the original analysis (pain interference ∼ return to operating room, p = 0.091) was statistically significant in the sensitivity analysis simulation (p = 0.048). Complete results for the sensitivity analysis conducted for each of the multilevel random coefficient models are provided in a supplemental table.
Discussion
This study demonstrates that PRO assessment can be conducted using the PROMIS assessment center software tools for patients undergoing major abdominal surgery in under 5 min during the routine clinic visit. The ready collection and availability of this information could be used to improve and inform patient care. We found that patients undergoing major colorectal surgery demonstrated no statistically significant change overall in scores for pain interference or social participation during the perioperative period, demonstrated a statistically significant decrease overall in depression scores between their pre and postoperative assessments (−1.62 points, p = 0.03), and demonstrated nearly statistically significant increases in scores for interest in sex (+1.55 points, p = 0.06).
However, cancer patients had statistically significant declines in scores for several PROs, compared to other patients. Post-procedure pain interference scores for patients with neoadjuvant chemotherapy (+3.5 points, p = 0.03) and for patients with neoadjuvant radiation (+3.2 points, p = 0.05) were significantly increased, and scores for the interest in sex domain decreased (worsened) for patients with oncologic etiology (−3.7 points, p = 0.03). These effect sizes are within the range of detectable improvements or declines in scores, and they indicate clinically significant magnitudes of change. Prior studies demonstrate that PROMIS score changes in the range from 3 to 5 points are sufficient for identifying clinically meaningful changes in pain interference and other PROMIS domains measured over time [23] [24] [25] .
Other studies have assessed quality-of-life outcomes following colorectal surgery. Most recently, Brown et al., using EORTC QLQ-C30/CR38 as part of the MRC-CLASICC trial, reported that the development of complications had a negative impact on long-term quality-of-life outcomes [26] . However, to our knowledge, we are the first group to report patientreported outcomes using the PROMIS instrument in patients following major abdominal surgery. The PROMIS system is advantageous because it provides clinicians and researchers with a set of instruments that serves as the scientific foundation for patient-centered research as prioritized by the NIH. It enables researchers to customize the assessment measurements to suit the needs of the individual project while also providing a validated instrument that can be understood and shared across disciplines.
Several limitations attend this research. The study was powered to assess the significance of large differences in post-surgery scores between groups, equivalent to a difference of one standard deviation from the US general population mean. Prior research comparing PROMIS domain scores to clinically relevant symptom severity levels demonstrates that increments of one standard deviation can be used to define reliable threshold values for grouping patients by symptom severity, such as 50-59 (mild), 60-69 (moderate), and ≥70 (severe) for pain and 55-64 (mild), 65-74 (moderate), and ≥75 (severe) for depression [22] .
While the study is adequately powered to assess the significance of large differences, assessing the significance of smaller differences associated with select patient level characteristics will require larger study populations. Given the unique nature of neoadjuvant and surgical treatment in rectal cancer patients, future studies are needed in this patient population to fully elucidate the impact of surgery on PROs. The study population included all available patients consented and receiving surgery during the 22-month study period. However, a larger study population recruited over a longer time interval would yield better estimates. The study population was recruited from a single large tertiary hospital within a standardized ERAS program, and the study population demonstrated relatively low rates of complications following surgery. The results may not be generalizable to patients receiving care in other settings or traditional care pathways. It is also important to note that all patients underwent elective surgery and were relatively healthy at baseline. These results are not generalizable to patients undergoing emergent colorectal surgery.
Post-procedure assessments were obtained for 85% of patients following surgery. However, there is a potential for a Fig. 4 Panel plot depicting the difference in the linear change in selected patient-reported outcome measure domain scores during the perioperative period, for four example groups. In each plot, the solid and dotted lines depict the multilevel random coefficient model estimated linear functions for the monthly change in scores, for specified groups. Hatch marks plotted along the linear function identify points in time when assessments were recorded for individual patients in each compared group selection bias if patients who were struggling in the postoperative period did not complete the survey. We assessed this potential for selection bias by comparing the demographic, preoperative, and post-procedure characteristics of the subset of patients with surgery but without a post-procedure assessment to the final study population. We found that patients without post-procedure assessments were more likely to have reported any morbidity 30 days following surgery and were more likely to have been readmitted following discharge. Patients without post-procedure assessments also had significantly lower frequencies of laparoscopic surgery, which is associated with fewer complications and quicker recovery than open surgical procedures [27] . These comparisons suggest that post-procedure assessments were not obtained for some patients because of follow-up schedule changes and other exigencies related to complications and readmissions following surgery.
Another limitation of the study is that assessment results were obtained only for the immediate perioperative period. Longer term follow-up of patients, while requiring additional resources and different protocols for scheduling assessment data collection, would provide important information about patient outcomes. Examining patient outcomes over longer periods of time following surgery may also produce different results regarding the relationships between demographic, preprocedure, and post-procedure events. Extending the followup period to include additional longitudinal assessment points could also reduce the number patients with missing postprocedure assessments, by providing additional opportunities to collect PROs at later follow-up appointments.
Finally, we focused the pilot study on four domains (depression, pain interference, interest in sex, and ability to function socially) that were selected following discussions with stakeholders. We selected only four domains in order to minimize the time required to complete the assessment. At the conclusion of the study, we learned that most patients were able to complete the assessment in less than 5 min. Several other domains are of great importance, including information about gastrointestinal symptoms, fatigue, pain intensity, and anxiety. Our results suggest that the number of domains included in the assessment protocol could be expanded to include several additional domains of interest, without increasing the duration of the assessment beyond 10 min for most patients.
Conclusions
Recovery from surgery is a complicated process that has effects on the physical, emotional, and social domains of health. Patients may experience a variety of emotions, ranging from depression, due to the loss of autonomy, to anxiety at not knowing what will happen next. There are also social challenges that result from the loss of independence following major surgery. These data suggest that the majority of patients quickly return to baseline physical, mental, and social function following colorectal surgery. This information is essential for preoperative patient counseling about the typical impact of colorectal surgery on quality of life. Further studies are needed to validate our results in a broader population, to provide information about other domains of key interest, and to more closely examine the effect of individual characteristics (such as diagnosis and surgical type) and the development of complications on postoperative changes in PROs among colorectal surgery patients.
